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ABSTRACT

(Confidential)

The Naval Research laboratory is serving as technical directors of
the Navy's Air to Air Missile Study. The results are presented in a
series of volumes under NRL Memorandum Rcport 754. This volume is the
ninth in the series. The study to date has been primarily concerned
with the system employing the F,iH-L aircraft, the AN/APQ-72 radar and
the Sparrow III6a missile0 This volume represents a continuation of
the otudy results presented in preceding volumes.

-P•R(TFlM STATUS

This is an interim report; work on the problem is continuing.
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SUMMARY OF NAVY_ STUDY PROGRAM FOR F4H-1 WEAPON SYSTEM

ThTRODUCT ION

The Bureau of Aeronautics has contracted with the Naval Research
Laboratory to conduct system studies directed toward establishing the
tactical use capability of Navy Air to Air Missile Systems. These
studies are conducted under the technical direction of the Naval Research
Laboratory with all inputs derived from Navy sources. To date , study
effort has been primarily directed toward revealing the tactical use
capability of the FhH-1 Weapon System. In support of this effort, NRL
has contracted with Westinghouse Air Ann Division for analytical ser--
vices. Recommendations atid conclusions to be drawn from analytical
results are assumed to be a Navy responsibility, and in particular.
the responsibility of the technical directors (NRL). This report is
the ninth in a series directed toward revealing the tactical effective.
ness of the F4H-1 Weapon System.

The Navy study has been and will continue to be a cooperative
effort. Wherever possible, duplication has been avoided. Input data
for the study has been obtained from the government facilities, which
most logically would cover the particular field. For example, radar
test data was obtained from NATC, Patuxent; Sidewinder performance dat9.
has been obL&lned from NOTS, Inyokern; and Sparrow III seeker performancc
data has been obtained from NMC, Pt. Mugu. In addition, the facilities
of the various activities have been, in effect, pooled so that special
talents and equipments can be employed. The results of N4C simulator
studies to ascertain the allowable launeh error for Spn.rrnw I!T, and
the effects of hydraulic oil limits have been incorporated in the over-
all study. In addition, NMC has conducted tests to verify the ve•.to.r.
ing accuracies used in this study. They have conducted tests to deter-
mine if the field degradation applied to Al radar detection range in
this study is valid. It is very important that everyone concerned
recognize that a study such as this must be a team effort. It is every
bit as important to continue this team effort on future studies under
this program (Sparrow III6b and Eagle).

The study results to date have been presented in Vols, T; IT; rT'.
IV, VII and VIII of this series (references 1 thru 6). The study effort.
covered by these volumes carries the system through to Sparrow I116a
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miss•ile launch. At this point it is assumed that if the initial aircraft
heading errors can be reduced to an acceptable launch error, the missile
will fly perfectly to impact with the target. This volume presents a
continuation of' the effort, It is intended to present material not
covered by the preceding volumes in such a fashion that the entire pie-
ture of sAbtem operation, up to the point of missile launch, will have
been euvei•d. The primary phases of investigation covered by this volume
are:

11, System performanc.e unier perfect vectoring conditions in co-
altitude attacks0

2, System performance under perfect vectoring conditions in pull-
up attacks.

3, System performance under expected tactical conditions in co-
altitude attacks.

a. lonmaneuvering targets
b. iKneuvering targets
c. Penetration effects considered

4. System performance under expected tactical conditions in pull-
up attacks.

ALJ future study of the F4H-KL Weapon System (Sparrow 1116a) will be de-
voted to simulation mnd study of the entire system loop, including simula-
tion of the missile0

The material contained in Mhis memorandum report is intended pri-
madly for Bureau informatioD. f•luing the eontract negotiation phase, it
wa.S sgreed that d.l distribution, exceprc for government activities, will
be handled throtgh the Bur-eau thminn.els-

STUDY PROGDUMPE

The basic outline for the Navy's study was given in Volume I. It
will be repeated here in modified form for quick reference and for clarn-
ficaf ion of changes which have occurred during the program. Table I gives
this modified outline of the Navy's Air to Air' Missile Study Program. As
oviginaily plann-ed, the outline was intended to be a general guide having
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flexible elements in order that additionally needed study areas which
developed as the study progressed could be included if desired. A
second investigation, considered separately for contractual reasons,
was planned to be essentially a repeat, for the Sparrow II missile,
of Phases I thru V of the basic study. The Sparrow II study of Table I
was postponed so that more pressing problems could be investigated.
Initial study effort considered the Sparrow IMT on the F8U-3 aircraft.
Since there is no longer any competition between the two aircraft, the
considerations of the F8U-3 have been dropped from the study program.
In addition, Sparrow X will not be studied as originally intended,
because of contract cancellation.

As listed in Volumes I and M.I, a working framework for the study,
which consists of six parts, has been constructed against which the per-
formance of each system combination is analyzed. This framework is
repeated here:

Part 1: Development of effective theoretical co-altitude attack
zones under ideal conditions.

Part 2: Development of effectivtý theoretical non co-altitude
attack zones under ideal conditions.

Part 3: Development of effective thoretical attack zones in
the presence of the degradation of expected tactical
conditions.

Part 4: Repeat Part 3 for possible improvements to the systems
which are being considered by the Navy.

Part 5z Study to determtns and assess realizable improvements.

Part 6: Study of infrared (IR) tie-in for Al fire control systems.

The material presented in Volumes I and III of this series was grouped
to fit this framework. Most of this material will not be presented here.
However, new results will be fitted into the appropriate phase in the
framework.

3 CONF VENT m.L
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TABLE I

OUTLINE OF NAVY AIR TO AIR MISSILE SYSTEM STUDY PROGRAM

PHASE I System Performance Under Ideal Conditions

A. Aircraft Characteristics

F4H-i

B. Altitudes (co-altitude case)

1. 1000 ft or less
2. 30,000 ft
3. 50,000 ft

C. Interceptor Velocity

F4H-I at altitude (Vmax and Vcruise)

D. Target to interceptor Speed Ratio for Interceptor at Vmax

2. 0.8 Some cases may be trivial and will not be used

Target speed resulting from above will be used for inter-
ceptor at Vcruise.

E. Conditions

1. Perfect vectoring
2. Straight line flight path
3. Current AI detection capability
4. B-47 size target
5. Preparation time - two cases determined by study
6. Sparrow III - capability of current seeker is to be used
7. Sparrow III - aerodynamic capability of current missile

is to be used
8. Gimbal angle limits in F4H-1 aircraft

a. APQ-72
b. Seeker

9. Illumination consideration - geometry of keeping both
target and missile illuminated. Illumination require-
ments to be determined by study.
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PHASE II System Snap-up Performance Under Ideal Conditions

A. A, C, D, and E - same as Phase I

B. Altitudes (snap-up case)

1. Target

a. 30,000 ft
b. 50,000 ft
Co. 65,000 ft

2. Interceptor altitude - to be determined by study
of system capability

PHASE III System Performance Under Expected Tactical Conditions

A. Target maneuver

B. Vectoring accuracy

C. Weather

D. Limits imposed by interceptor tactics

1. Climb capability
2. Endurance
3. Dead time

E. Countermeasures

1. Airborne weapons system

PHASE IV System Performance Under Expected Tactical Conditions with
Addition of Currently Proposed Improvements

A. Improvements proposed:

1. Search volume optimization
2. Triangle system vectoring
3. Automatic alarm
4. Improved receiver noise figure
5. Back-biased range and display IF amplifier with broad-

band sw•tching
6. Gated narrowvband angle track IF amplifier (home on jam)

5 CONFIDENTIAL
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7. Bright display
8. Provision for switching polarization (circular and vertical)
9. Broadbanding of the plumbing

10. Jittered PRF
11. Antenna with high altitude feed
12. Improved two-speed AFC
13. Relocation of CW injection plumbing to increase gimbal

angle in elevation
14. Nonsaturating AGC

PHASE V Study to Determine and Assess Realizable System Improvements

A. Al Radar

B. Missile

C. Vectoring

D. Tactics

PUASE VI Study of IR Tie-in wirth the Fire Control System

PHASE VII Performance Capability of Sparrow iII with an IR Seeker

PHASE VIII Repeat Study Phase I Through Phase VI for the Sidewinder

6 CONFIDENTIAL
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F4H-l WEAPON SYSTEM PERFORMANCE UNDER IDEAL CONITIONS - INPUT DATA

The system analysis under "ideal" conditions, which was started in
Volume I, is continued here. As stated in Volume I and III, the result-
ing performance will indicate a capability representative of the best
that can be achieved with high probability. The target is nonmaneuvering
and the vectoring is perfect. However, "ideal" should be interpreted in
a limited sense, since the performance of the weapon system subelements
is defined by realizable rather than infinite quantities.

Radar Analyses

In Volumes I and III, the characteristics of the radar defined at
that time as the 62 lot AN/APQ-72 were given. This radar is now known
as the XN-2. Attack zones resulting from the use of this radar were
presented for high, medium and low altitude targets. Detailed parameter

plots for attacks made under these ideal conditions have been presented
in Volumes VII and VIII.

In preceding volumes of this study, the investigation of radar perfor-
mance influence on system capability under ideal conditions has been
divided into two phases; performance of the XN-2 radar and performance
of an improved AN/APQ-72. It is now believed that the performance of
the improved APQ-72 will be available in the F4H-l Weapon System in the
XN-3 radar. For this reason, the results presented in this volume for
the ideal attack conditions are restricted to those resulting from the
XN-3 radar. The 85% probability of detection range for this radar against
a B-47 size target flying at M 1.6 at 50,000 ft where VT /VF = 0.8 is shown
by Fig. 1. Head-on, this radar has an 85% probability of detection at
approximately 19 naut mi.

Aircraft Analyses

The performance of the F4H-l aircraft has been detailed in Volumes
I thru IV of this series. -No changes in this performance has occurred
during the study period covered by thisrrepott.

Missile Analyses

Data describing the performance of the Sparrow III missile used in the
Navy's Air to Air Missile Study has been presented in preceding volumes.
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Changes in input data related to this missile that have been entered into the
study program are increased seeker lock-on range and increased minimum aero-
dynamic range (Rmin). Figure 2 shows the 90% probability of seeker lock-on
against a B-47 size target for the missile studied. This is the result of
NMC tests (reference 7) scaled to the B-47 size target. It is seen that the
seeker has a 90% lock-on capability against the B-47 size target, head-on,
of 6.82 naut mi.

It is recognized that changes in aerodynamic performance of the Sparrow
III 6a missile are occurring. The only change that has been incorporated into
the study effort covered by this volume is Rmin which is represented by the
equation Rmin = R2(h) + T2Vc. T2 has been changed from 3.3 seconds to 4.3
seconds. RP(h) remains as shown on Fig. 15 in Volume I of this series of re-
ports. Current simulation programming is taking into consideration the effects
of all changes in the aerodynamic performance.

PHASE I - SYSTEM PERFORMANCE UNDER IDEAL CONDITIONS-HORIZONTAL ATTACKS

In Volumes I and III the effective attack zone overlays for the F4H-1
Weapon System (when employing the XX-2 radar) have been given. These results
will jiot be repeated here. Figures 3 and 4 give the effective attack zone
overlays when the XN-3 radar (19 naut mi detection range against head-on
aspect of B-47 size target) and the improved seeker range (6.82 naut mi lock-
on range hpaa-nngnt÷ c-hn, +a....n+) .B ... a

Attack Zones

Figure 3 gives the resulting effective attack zone for a horizontal
attack which occurs at 50,000 ft altitude. The interceptor is flying under
Vmax conditions (1940 ft/sec) and the speed ratio VT/VF = 1.0. Referring
to this figure it is 8een that the effective attack zone for high probability
of success has an outer limit set by the Sparrow III seeker range (curve F),
the 6.5 naut mi missile range interlock (curve G), and Rmax (curve C). The
inner boundary is set by the minimum aerodynamic range of the missile (Rmin),
and Nz = 3 (curve E). The approach courses are restricted for successful
attacks to those between head-on and 680 off the target's nose. All others
fail because of a lack of speed advantage.

Figure 4 shows the results for horizontal attacks made under the same
conditions as those of Fig. 3, except the target speed has been reduced so
that the speed ratio (VT/VF) is 0.8. The effective attack zone is essentially
the same as that on Fig. 3. The inner boundary is now determined by Rmin;
around-the-clock attacks can be made. However, penetration distances are
great due to low speed advantage.

As has been stressed in preceding volumes, the above two figures present
the results for horizontal attacks made under "ideal conditions.
When additional system settling time, beyond that required for AI radar
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lock-on is considered, much of the effective attack zone in the forward
hemisphere is eliminated. The Navy study has used 27 seconds as a mean
settling time. This is arrived at from many simulator runs. Referring
to Fig. 3, it is seen that if a line is drawn through the 27 second points
on each runmuch of the effective attack zone is eliminated.

Remaining Study

The results presented in this and preceding volumes for the horizontal
attacks made under "ideal" conditions essentially concludes the study
effort to be applied to this phase as related to the Sparrow III 6a. Any
additional reporting on this phase will be restricted to introducing changes
in aerodynamic performance of the missile.

PHASE II - SYSTEM CAPABILITIES FOR lULL-UP ATTACK UNDER IDEAL CONDITIONS

In Volumes I and III the pull-up capabilities of the F4H-l Weapon System
when employing either the XN-2 or the APQ-72 (XN.3) radar were presented.
No additional results for the system employing the XN-2 radar will be pre-
sented in this volume. In addition, all results are for the system using
the improved missile seeker lock-on range of Fig. 2. The intent of present-
ing additional results for this phase of the study is to give a complete
picture of the resulting system capability under ideal conditions when
attacks are started from any target aspect.

Conditions

The conditions of the pull-up attack investigation for this phase of
the study are as follows:

a. Aircraft characteristics - F4H-1

b. Target altitudes - 50.,000 and 65,000 ft

c. Interceptor altitudes - as capable from below

d. Reflective area - B-47 size targetassumed the same as for co-
altitude case

e. Velocities - interceptor velocity at altitude, Vmax and Vcruise

f. Target to interceptor speed ratios for interceptor at Vmax - 0.8,
1.0. Resulting target speeds from above also used for inter-
ceptor at Vcruise

9 CONFIDENTIAL



CONFIDEANTIAL

g. Perfect vectoring

h. Straight line flight path (target)

i. Current AI detection capability - 85% probability at 19 naut ml
(head-on aspect B-47)

j. Time from detection to lock-on - 10 seconds

k. Seeker capability - current Sparrow III

1. Missile aerodynamics - current Sparrow III

m. Gimbal angle limitations of improved APQ-72 (XN-3) radar -
± 570 azimuth and elevation

n. Interceptor restricted to 3g pull-up or C(max during tracking
portion of the run

o. Allowable heading error for launching Sparrow III - 100

For these around the clock attacks, it is assumed that the interceptsr
continues on the vectored pure collision course until pull-up occurs.
While different doctrines have been proposed for pull-up attacks, one advan-
t-age Of cotnun1o heprecllzon cotrcc l4cdc tton44-^- of " pe+ý+ 4 ^
distance0 Examples of other attack doctrines will be given later in the
report as illustrations. Detections are assumed to occur on the 85% detection
probability curve given by Fig. 1. lock-on is assumed to occur 10 seconds
later, but is further limited by the 50 naut mi maximum lock-on range of
the improved radar.

A lead pursuit course is maintained by the interceptor after launch to
provide illumination of the target. If the acceleration requirements of
the course exceed the capability of the interceptor a CLmax course is flown.
At impact it is assumed that the interceptor is maneuvered so that the lift
vector and the gravity vector are working together (rapidly redirecting
the interceptor downward). To date the recovery problem has received only
superficial coverage. The investigation of recovery was done separately
from the actual computer runs and detailed in Appendix II of Volume IV.
On the computer runs the interceptor was allowed to follow a lead pursuit
run as restricted by Cjmax after impact. During this portion of the run
the 3g limitation i removed because it is possible for the pilot to pull
more g's when he is not trying to solve a fire control problem. If during
the breakaway portion of the run a minimum L/W of 0.5 is maintained the
run is considered successful, During this portion of the run the accelera-
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tion conditions altio must be such that CLmax is not exceeded. Two major
simplifying assumptions are made. The first is that the pilot can fly a
perfect CLax course. This will yield optimistic results as far as re-
covery problems are concerned. The second simplification is that during
the critical part of the recovery maneuver,thrust is assumed equal to drag.
The inaccuracies resulting from these simplifications can be resolved only
by more exact investigation. The method used represents a simplified
approach to the problem.

Attack Zones

Figures 5 thru 34 show the resulting effective pull-up zones for
these "ideal" pull-up attacks. The conditions of Fig. 5 are that of a
target flying at 65,000 ft at M 2.0. The interceptor makes head-on
pull-up attacks under Vmax conditions from the range, and altitude condi-
tions shown by the labeled points.

Referring to Fig. 5, zero time delay corresponds to Al radar detection
range (19 naut mi). Throughout the Navy's study, a 10 second AI radar
lock-on time has been used. As stated in previous volumes, it is believed
that the pilot will not know how to initiate a pull-up attack prior to
AI lock-on (10 second delay). Therefore, one boundary on the effective
pail-up zone is t1at shown by the solid line at 10 seconds. If the inter-

ceptor must be able to reduce the initial heading error to 10 within the
launch boundaries described previously, the effective pull-up zone is
enclosed by the solid lines on Fig. 5. Pull-ups made from 58,000 ft at
10 and 15 second time delay are successes (error reduced to 0S). A pull-
up attack from 58,000 ft and 20 second time delay is a failure (minimum
error of 130). The run initiated from 15 second time delay at 55,000 ft
is marginally successful (c = 9°)

Figure 6 gives the results when the interceptor approach course is
from 150 off the target's nose (target aspect angle mo = 15O). The left-
hand graph of Fig. 6 gives the results for pull-up attacks initiated
with the interceptor operating at Vmax conditions. The right-hand graph
gives the results when the attacks are initiated with the interceptor
operating under Vcrutse conditions. All other conditions are the same as
those of Fig. 5. Referring to the left-hand graph, it is seen that when
the fighter initiates the pull-up attacks under Vmax conditions, there is
a very restricted pull-up zone against this M 2.0 target. The pull-up
runs initiated at 58,000 ft and 15 second time delay, and at 55,000 ft
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and 10 second time delay were failures. The primary reason that the
effective pull-up zone is reduced compared to that of Fig. 5 is that
at To= 15, the Al detection range is smaller than for head-on (see
Fig. 1). Thus, there is less time available for reducing errors.
When the fighter speed is reduced to Vcraiscat pl!-u,_p, all runs were
failures because e > 1.00 (see right-hand graph).

When the. app-o -' aspect angle is changed to . = 300, the results
are as shown on Fig. 7. Referring to the graph at the left of this
figure, it is seen that when the interceptor initiates the pull-up
attack while flying under Vm" conditions, the pull-up zone is increased
in size over that presented for the case of xo = 150. The reason for
this is that there is more time available to make the pull-up attack
(longer AI detection range as shown on Fig. 1 and slower closure rate).
The runs which were failures (shown by 0 ) failed because of e > 100,
X > 570, or the interceptor was unable to close on the target to Rmax.
It is interesting to note the trend at lower altitude. The reason for
the zone at the lower altitudes is that the interceptor is flying slower
and can maneuver faster to reduce the initial heading error, and to aVoid
gimbal angle problems.

Referring to the gr h nn the right sid- Of Fg. 7 i . see
when the interceptor initiates the attacks while flying at Veruise no pull-
up capability exists. The primary reasons for failures were x > 57., and
lack of a speed advantage.

When the approach course is changed to that corresponding to T o 450
the results are as shown on Fig. 8. it is seen that reduction of closure
rate is now playing a significant part in the resulting effective pull-up
zone. This zone, shown by the solida line, is increased markedly both in
differential altitude and pull-up delay time, For example, at 58,000 ft
the interceptor can initiate successful pull-up attacks from delay times
of 10 seconds out to delay times of approximately 30 seconds. It is also
seen that successful pull-up attacks can be initiated from 58,000 ft down
to approximately 16,000 ft altitude.

It is to be noted that some of the runs, particularly for long pull-
up delAys, were failures because of excessive gimbal angle requirements
in azimuth. For example, the pull1-up run made from 20,000 ft altitude and
25 second delay failed because of Rmax and ka > 570. To investigate the
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effect of steering in azimuth-only between lock-on and pull-up, this
particular pull-up attack was rerun. The results will be discussed
later (Table III).

Graphs are not presented for the case of To = 450 while the inter-
ceptor is operating at Vcruise, since it is obvious that all runs would
be failures because of lack of speed advantage.

Figure 9 gives the results for the case of T o = 600. For this
situation all runs were failures because of x> 570 and lack of a speed
advantage. It is obvious that against this high speed target it would
be useless to examine additional situations for larger To (aspect angles).

Figures 10 thru 19 give the results of pull-up attacks made under
the same conditions as described for the preceding figures, except for
the target velocity which is arbitrarily reduced to M 1.6. When the
approach aspect is head-on (xo = 00) the results are as shown on Fig. 10.
Comparing these results to those given previously for the M 2.0 target
(Fig. 5), it is seen that the effective pull-up zone (bound by the solid
line) is appreciably increased. Successful pull-ups can be made from
differential altitudes of approximately 25,000 ft. For the case of the
interceptor initiating attacks from 58,000 ft altitude, successful pull-

can ^n 'hem mpv0 uith t.ims- uPI.nvn iin tr^ qnnprony-tAtelv PR seconds.. Tt Is

important to note that even though the zone has been increased, the
situation is still extremely marginal when settling times associated with
other than the "ideal" situation are considered. This will be discussed
in more detail under the section on Pull-up Attacks Under Expected Tac-
tical Conditions.

When To is increased to 15* the results are as shown on Fig. 11. For
the case of VF = Vvmax shown at the left on Fig. 11, the resulting effec-
tive pull-up zone is reduced appreciably from that available for the
head-on situation (see Fig. 10). This is due to reduced time available
because of lower AI radar detection ranges (see Fig. 1). The primary
reason for failure is due to the inability of the interceptor to reduce
the error to an acceptable value for missile launch (e > 100). When the
interceptor initiates pull-ups under Vcruise conditions, the results are
as shown on the right-hand graph of Fig. 11. The system has no pull-up
capability (c > 100).
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Figure 12 shows the results when To is increased to 300 with all
other conditions the same as for the preceding figure. Comparing these
results to those obtained against the. M 2.0 target (see Fig. 7), it is
seen that the same trend occurs. Looking at the graph to the left of
Fig. 12, it is seen that there is an effective pull-up zone for attacks
initiated at high altitude. At altitudes around 30,000 ft the inter-
ceptor cannot make a successful pull-up. Then, at low altitudes there
is another effective pull-up zone. Each of the zones are slightly larger
than those of Fig. 7 due to the fact that the closure rate is reduced
(slower target). The reasons for failures were excessive error and in-
abiity to reach the maximum aerodynamic range of the missile. When
tae interceptor speed at pull-up corresponds to Voruise the results are
as shown to the right of Fig. 12. There is no pull-up capability. The
primary reasons for failure were excessive gimbal angle (X > 570), and
lack of a speed advantage.

When the approach aspect corresponds to -ro = 450 the resulting effec-
tive pull-up attack zone is as shown pn Fig. 13 by the solid line. Com-,
paring these results to those given previously for the M 2.0 target
(see Fig. 8). it is seen that the widths of the effective pull-up zones
are approximately the same. However, reducing the target ve1 ocity allows
effective pull-up attacks to be made from slightly greater differential
altitudes.

The zone bound by the solid line on Fig. 14 gives the resulting
effective pull-up attack zones against this M 2.0 target when To = 600.
This zone is approximately 35 sec wide and covers the altitude range from
approximately 15,000 ft to 58,000 ft. The primary reasons for failure
are excessive error and excessive gimbal angle0  Comparing these results
to those given previously for the M 2.0 target on F1g. 9, it is seen that
having a speed advantage changes the situation from one of no pull-up
capability to one of having a significant pull-up zone available. Referring
to the pull-up runs on Fig. 14, which were initiated from long pull-up
delays (45 sec), and altitudes in the region between 15,000 ft and 30,000 ft,
it is seen that one of the reasons for failure was the requirement for ex-
cessive azimuth gimbal angle (ka >57°). Two of these pu.l-up runs (the
one originating from 30,000 ft altitude and 45 sec delay, and the one
originating from 20,000 ft altitude and 45 sec delay) were re-examined to
determine the effect on pull-up capability of changing the doctrine from
flying a pure collision course between lock-on and pull-up to steering
in azimuth-only between lock-on and pull-up. The results are detailed
in Table III.
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When the approach aspect is increased toward ½o = 1800, the results
are as shown on Figs. 15 thru 19. For each of these cases there are
large effective pull-up zones. However, as we approach the tail aspect

the penetration distances get large because of the low closure rates
involved. An indication of extent of these penetration distances can
be obtained by referring to Fig. 4. Figure 15 shows the results for
the case of To = 750. The extent of the effective pull-up zone is
shown by the area enclosed by the solid line. Referring to this figure,
one interesting new trend is observed. The inner bound on the effective
pull-up zone is no longer the AI radar lock-on range (10 sec pull-up
delay). If the pilot attempts a pull-up too soon after lock-on, the
runs fail because the intereceptor is unable to maintain the climb
attitude required to close the range to Rmax. It is also interesting
to note that 58,000 ft altitude is no longer the upper limit on effec-
tive pull-ups. Runs which are initiated from this altitude fail because
of excessive azimuth gimbal angle (Xa - 5t). When the pull-up runs
are started from an initial approach aspect of 'ro = 900, the resulting
effective pull-up zone is as shown on Fig. 16. The same trend as de-
scribed above for the -o = 75' case prevails for this case. Comparing
these results with those of Fig. 15, it is seen that the inner bound
is pushed even further out in time. The pilot, .Duld have to wait
approximately 23u see or longer after Al -radar lock-on bef-.re str! ;
pull-up or the interceptor will not be able to maintain the climb atti-
tude required to close to Rmax. The reason for the greater difference
in delay times from which pull-ups can be made is that the detection
range at 900 is much larger than at 750. Thus, the interceptor has to

close over a greater range.

When the initial aspect angle is changed to To = 120°, the results
are as shown on Fig. 17. The delay time before successful pull-ups can
be made is not as great as for the case of To = 900 (see Fig. 16) be-
cause the detection range is not as large. However, inability of the
interceptor to close to Rmax is playing a more prominent part in causing
run failures particularly at the lower altitudes. The upper limit on
effective pull-up zone, as in the cases of To = 750 and 90°, is no longer
a straight line draw m at 58,000 ft. However, the reason for the limit is
slightly different. On the preceding figures, the primary reasons for
failures at the higher altitudes is that the gimbal angles were excessive.
In the results shown• on Fig. 17, the upper limit is due to inability of
the interceptor to close to Rmax. The upper limit in the zone, shown by
the solid line, is slanted and would eventually intersect the 58,000 ft
altitude line. If the delay times are long enough the interceptor will
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close to Rmax and can complete a successful pull-up. Two sample runs
from this figur• will bere-examined to see the effect of changing the
doctrine to permit the pilot to steer in azimuth-only between lock-on
and pull-up. The results iiill be shown on Table III.

Figure 18 shows the results when To is increased to 1500. The re-
sulting effective pull-up zone has the same general shape as that of
the preceding figure. The reasons for failures are the same. However,
it is important to note the large delay times required before the inter-
ceptor can make'a successful pull-up. Penetration distances will be large.
Figure 19 shows the results of increasing To to 1800. Again the penfetra-
tion distances (large delay times required) will be large.

Figures 20 thru 34 show the results of pull-up attacks made under
"ideal" conditions when the target altitude is reduced to 50,000 ft.
Figure 20 shows'the results of pull-up attacks against a M 2.0 target
flying at 50.,00 ft. The approach aspect id head-on (To =: 0o). The
effective pull-up zone is again enclosed by the solid line. Successful
pull-ups can be made from differential altitudes of 17,000 ft. A new
reason for failure Is showr/ on this figure. The co-altitude run made
with a 25 sec delay failed because'the interceptor was inside of the
min4mum aerodynamic range of the missile (Rmin). The last launch point

delay. When ro is increased to 150 the results are as shown on Fig. 21.
When the interceptor initiates the attack under Vmax conditions, the
pull-up zone shown on the left-hand graph of Fig. 21 is obtained. It is
seen that the primary limitation is one due to the inability to reduce
the error to an acceptable limit (c > 100). For the co-altitude situa-
tion (both target and interceptor at 50,000 ft) the limit is due to
Rmin. Ten seconas after lock-on, the interceptor would be inside of
Rmin. When the interceptor begins the pull-up attacks under Vcruise
conditions the results are as shown at the right. of Fig, 21. Comparing
this to the corresponding case for the 65,000 ft altitude target (see
Fig. 6), it is seen that there is a major change in effective attack zone.
Against this 50,000 ft altitude target, successful pull-ups can be made
from differential altitudes of 25,000 ft. The primary reason for failure
is excessive error. It is of interest to examine the co-altitude situa-
tion. It is seen that errors of 50 and 19- are obtained at 20 and 25 sees
pull-up delay respectively. These errors result from the criteria that is
used throughout the pull-up investigation reported. It is assumed that
the interceptor continues on the vectored course (pure collision) until
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pull-up. In the co-altitude situation, the pilot would certainly zero
the "dot" as soon as possible. If this is the case, the limiting fac-
tor would be Rmin-

When the approach aspect is increased to To = 30
0, the results are

as shown on Fig. 22. The case where VF = VFmax is shown at the left of
Fig. 22. The limiting factors on successful pull-ups are e > 100, Rmin
and X> 570. The graph at the right of Fig. 22 shows the results when
VF = Vcruise at the beginning of pull-up. Under these conditions all
runs were failures because of excessive gimbal angles and lack of a
speed advantage. The remaining cases for the M 2.0 target flying at
50,000 ft are shown on Figs. 23 and 24. The last case examined is that
shown by Fig. 24 (-To = 600). It is seen that the system has no pull-up
capability because of excessive gimbal angles. For any approach aspect
beyond this point, this system will be either limited by gimbals or lack
of a speed advantage.

When the target speed is reduced to M 1.6 at 50,000 ft altItude,

the results are as shown on Figs. 25 thru 34. For the head-on situation,
shown on Fig. 25, it is seen that successful pull-up attacks can be made
from differential altitudes of 50,000 ft. The primary reasons for failures
were E > 100, Rmin, Rmax and L/W < 0.5. The trend in the pull-up attacks
fuý LhW v-iouas Lo btUiOutlunS examined for this M 1.6 target at 50,000 ft
(see Figs. 26 thru 34) is, in general, the same as that described previously
for the M 1.6 target flying at 65,000 ft. However, there is one detail
that should be explained. For example, on Fig. 31, a new limitation (Ry,)
enters the picture. This represents the limitation due to the radar's
inability to lock on targets at ranges greater than 50 naut mi.

The results of the pull-up attacks made under the ideal conditions
are summarized on Table II.
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TABLE II

PULL-UP ATTACKS UNDER "IDEAL" CONDITIONS

Interceptor Initial Target Primary Reasons for Comments
Velocity Aspect Angle Failure
at Pull-up (ro)

Target Velocity - M 2.0
Target Altitude- 65,000 ft

Vmax Head-on C > 100 Successful pull-ups
from differential alti-
tudes of 15,000 ft.

Vax 150 G > 100 Marginal zone available

V cruise 150 G > 100 No pull-up capability

Vx 300 E > l0°, x> 570 Rmax Successful pull-up
S3e 1 kzone available

V 300 x > 570, lack of No pull-up capability
Vcruise speed advantage

v la0  e> 0 7A;Rmax Successful pull-ups
from differential alti-
tudes of 48,000 ft

V 60 > 570, lack of No pull-up capability
max speed advantage

Target Velocity - M 1.6
Target Altitude - 65,000 ft

Vmax Head-on e > 100 Successful pull-up
zone available

V %x15 e > 100 Marginal zone available

Vcruise 150 e > 100 No pull-up capability

Vmax 300 e > 10%,Rmax Successful pull-up
zone available

V3cruise X0 x > 57,0 lack of No pull-up capability
speed advantage
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Interceptor Initial Target Primary Reasons for
Velocity Aspect Angle Failure Comments
at Pull-up (To)

Vx450 E > 100, x > 570 Rm Successful puUl-ups
a m from differential alti-

tudes of 52,000 ft

V 600 E > 100, X,>57D Successful pull-ups
max -from differential alti-

tudes of 50,000 ft

Vmax 750 e > 100, k >570, Rmax Successful pull-up zoneavailable; penetration

disiGance enters picture

Vmax 900 > -10 ,x>570 , Rmax Pull-up zone available;
penetration distances
cr44-4

.critcal; early pull-ups
cause failures

V 1200 C > -0, xe >57, R Pull-up zone available;
penetration distances
critical; early pull-ups
cause failures

V 1500 E>10 0 , xe > 570 Rmax Pull-up zone available;
penetration distances
unacceptable; early pull-
ups cause failures

V 1800 c > 100, )e >570,R Pull-up zone available;
max e penetration distances

unacceptable; early pull-
ups cause failures

Target Velocity - M 2.0
Target Altitude - 502000 ft

Vmax Head-on e > 100 Successful pull-ups
from differential alti-

tudes of 17,000 ft

V 150 M > 100 R rginal zone available

Vcruise 150 C > 10 X, > 57t Successful pull-ups
from differential alti-
tudes of 25,000 ft
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Interceptor Initial Target Primary Reasons for
Velocity Aspect Angle Failures Comments
at Pull-up (%o)

Vx 30' E > 100, X > 570, Rmin Successful pull-upsfrom differential ali-

tudes of 34,000 nL

Vcruise 300 x > 570, lack of No pull-up capability
speed advantage

450 e > 100, A-> 57% R Successful pull--ups
from differential alti-

tudes of 34,000 ft

V 60° X>570, lack of No pull-up capabilityspeed advantage

Target Velocity - M 1.6
Target Altitude - 50,000 ft

V Head-on c > 100, L/W < 0.5, Successful pull-upsmax ,max, Rmin from differential alti-
tudes of 50,000 ft

Vmx E > 100, R n Marginal zone available

Vcruise 150 E > 100,X >570, Ra Pull-up zone available
Vmax 30 e > i00, R maxI, min Successful pull-ups

from differential alti.-

tudes of 50,000 ft
Vcruise 30. X> 570, lack of No pull-up capabtlity

speed advantage

Vmax 450 C > 100, RminY Rmax Large pull-up zone
available

Vmax 600 E > 100, xa > 570 large pull-up zone
available

Vmax 75" 6 > 100, a > 570 Large pull-up zone
available

V ma 900 C > l0, Xa > 570, Rw Large pull-up zone
available
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Interceptor Initial Target Priuzary Reasons for
Velocity Aspect Angle Failure Comments
at Nll-up Flo)

V m20° e > 100 , x > 570 large pull-up zone avail-
able; penetration dis-
tances excessive

Vmax 1500 e > 10%, Xe > 570 large pull-up zone avail-
Rmax, Rmin able; penetration dis-

tances excessive

Vmax 1800 e > 10, xe > 570 large pull-up zone avail-
R . able; penetration dis-
min tances excessive

21 CONFIDENTIAL



CONFIDENTIAL

Effect of Steering in Azimuth-Only Between Thck.-on Range and PNll-up Range

The preceding section presented the results of pull-up attacks made
under "ideal" conditions. The attack doctrine used was that the inter-
ceptor flies a collision course between lock-on range and pull-up range.
It is now of interest to investigate the effect on pull-up capability
resulting from changing this doctrine to one where the pilot steers in
azimuth-only between lock-on and pull-up. Sample pull-up runs, which
have been presented previously on Figs. 8, 14 and 17 were rerun using
the steering in azimuth-only doctrine. These results are shown on Table III.
The first run given on Table III corresponds to one given previously on
Fig. 8, the second two runs correspond to runs given previously on Fig. 14,
and the last two runs correspond to runs given previously on Fig. 17.
Referring to the results, it is seen that steering in azimuth-only does not
solve the problem. In those cases where xa was the limitation, this restric-
tion was rcmoved but new ones, such as xe and excessive error (e), were
introduced. In general, steering in azimuth-only also causes the intercep-
tor to be drawn around toward the tail of the target. This results in the
interceptor being unable to close to Rmax. Based on this limited look at
the problem, one would question whether steering in azimuth-only is of any
value as a tactical doctrine. Additional investigation of this problem
will be discussed later in this report.

Remaining Study

The preceding sections described additional study effort beyond that
presented in previous volumes on pull-up attacks under ideal conditions.
The results presented along with those presented in Volumes I and III of
this series should give the reader a good overall picture of system pull-
up capability muder these "ideal" conditions. No further study effort
is intended for this phase.

PHASE III - F4H-1 WEAPON SYSTEM PERFORMANCE UNDER EXPECTED TACTICAL
CONDITIONS - XN-2 RADAR

Probability of successful arrival to missile launch results when the system
is employing the XN-2 radar have been presented previously in Volumes I
and III of -this report. These results have covered the co-altitude and
pull-up attack cases. No further study of the system employing this
unimproved radar is anticipated. Thus, this phase of the study is con-
sidered completed.
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PHASE IV - SYSTEM PERFORMANCE UNDER EXPECTED TACTICAL CONDITIONS - AN/APQ-72
(XN-3) RADAR

The preceding sections have extended the description of results for
the "ideal" situation given previously in Volumes I and III of this series.
The results given represent the best that one would hope to achieve with a
high probability of success when certain sources of error are neglected.
It is now of interest to look at the degradation resulting from a more
realistic tactical situation. The degrading factors which have been con-
sidered in the study program are:

1. Vectoring accuracy
2. Target maneuver
3. Weather

4. Countermeasures agains the airborne weapon system

5. Limits imposed by interceptor tactics

(a) climb capability
(b) endurance
(c) dead time

Primary emphasis will be placed on items 1, 2, and 5 in the remainder of
this report.

The input conditions, as related to vectoring accuracy, are the same
as those used in preceding volumes of this study. The vectoring accuracies
which havebeen used throughout the Navy's Air to Air Missile Study are:

1 a = ± 3 naut mi - azimuth

1 a = + 3 naut mi - range

1 a = ± 1 naut mi - altitude

Probability of Successful Arrival to Missile latunch - AN/APQ-72(XN-3) Radar

In Volume III of this series, the resulting proability of successful
arrival to missile launch for co-altitude attacks occurring at 50,000,
30,000, and 1000 ft altitude were given. Thj_ study at that time was re-
stricted to head-on, To = 30° and 600 interceptor approach courses. The AI
radar 85% probability of detection was 19 naut mi head-on. The gimbal
limits used were t 570 in azimuth and elevation. The vectoring accuracy
was 1 a = - 3 naut mi in azimuth aond range, and ± 1 naut mi in elevation.
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The criteria for success was that the interceptor must be able to reduce
the initial heading errors to c s 100 between Rmax and Amin of the missile.
Once the missile is launched it is assumed to behave perfectly. The actual
aerodynamics of the missile will be considered in a later phase of the
study. The interceptor is vectored on a pure collision course and continues
to fly this pure collision course until lock-on range. Maneuvers are re-
stricted to 3g's or Cinax°

The results presented here are a crntinuation of the results pre-
sented in preceding volumes. The 30,000 ft altitude attack is examined in
detail around-the-clock. Figure 35 shows the resulting probability curves
for two speed conditions -- VT/VF = 1.0 and VT/VF = 0.8 where VF = M 1.91. Ex-
amining the curve for VT/VF = 1.0 it is seen that the probability of suc-
cessful arrival to missile launch is 75% head-on. The probability rises
slowly to 87% at 300. Beyond 450 the probability drops sharply. The
reason this occurs is that gimbal angle problems are encountered and the
interceptor lacks a speed advantage.

When target speed is reduced so that the speed ratio (VT/VF) equals 0.8,
the probability of successful arrival to missile launch is uniformly high
around the clock. However, penetration problems are ignored in the results
presented on Fig. 35. This will be discussed in later sections of this
vu.. Referr...ng. to te3 curv.-, fur VT/VF = o.0, it is seen that the proba-
bility of success is 85% for the head-on case (primary limit is lack of
time). At 450 initial aspect angle, the probability of success is 97%.
At 750, the probability is reduced to 82% because of gimbal angle problems.
Beyond 120* initial aspect angle, the probability is 100% if penetration
is ignored.

Probability of Successful Arrival to Missile launch - AIY/APQ-72(XN-3)
Radar - Maneuvering Target

The results of a preliminary investigation of the effects of target
maneuvers on probability of successful arrival to missile launch was pre-
sented in Volume III of this series. The study at that tiwrý was limited
to initial aspect angle approaches of Tr, 0 to T, = 600. This volume
extends these results to include around the clock attacks. The attack
altitude is 30,000 ft. At lock-on, the target starts maneuvering. This
maneuver consists of a I g lateral turn (L/W = 1.414), which crisscrosses
the desired flight path, with a maximum deviation of target heading from
this path of 30°. The resulting effects of target maneuvers on probability
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of successful arrival. to missile launch in co-altitude attacks is com-
pared with the results presenled previously for the nonmaneuvering
target by the three curves on Fig. 36. These results are for the cases
of VT/VF = 1.0. When the speed ratio is reduced to VT /VF = 0.8, the
results ara as shown on Fig. 37. Referring to these figures, it is
seen that the degrading effect of the target maneuver studied is negli-
gible. Table IV summarizes the probability of successful arrival to
missile launch studies for co-altitude attacks against maneuvering and
nonmaneuvering targets.

Probability of Successful Arrival to Missile launch - AN/APQ-72(XN-3)
Radar - Penetration Effects Considered

On Figs. 35 thxu 37, the resulting probability of successful arrival
to missile launch versus initial target aspect angle (TO) for co-altitude
attacks against both maneuvering and nonmaneuvering targets were presented.
However, target penetration effects were ignored. It is now of interest
to determine what reduction in probability of successful arrival to mis-
sile launch occurs when penetration effects are considered. In Volume III
the target penetration problem vas examined. Variables considered were
initial search radar range, system dead time. and speed ratio. The fol-
lowing is intenCer1 a.s a ontinuMtinon of this stuidy as an-lied- to the
probability of successful arrival to missile launch. The assumptions
made are:

1. Initial target detection by AEW of surface search radar occurs
at 300 naut mi from- fleet center. In terms of capability available to
date this range appears optimistic.

2. System dead time between initial target detection and the
initial vectoring conmand to the interceptor is 3 minutes. Again, in
terms of current capability this number appears to be optimistic.

3. The interceptor is on .AP at 100 naut mi from fleet center
under cruise conditions. Acceleration toward Vmax commences with vec-
toring.

4. The target carries 100 naut mi air to surface missiles. Thus,
the minimum range at wbich the target must be shot down is 100 naut mi
from fleet center.

5. During the vectoring phase the interceptor is restricted to
2g tur:ns to reduce slowdown effects.
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TABLE IV

PROBABILITY OF SUCCESSFUL ARRIVAL TO MISSILE
lAUNCH - CO-ALTrfUDE ATTACKS (30,000 T?) -

MANEUVERING ADD NOYMAMEUVERING TARGETS

Interceptor Speed Aspect Probability of Successful Arrival to Missile launch (%)
Velocity Ratio Angle Nonmaneuvering Initial Maneuver Initial Maneuver
(Mach) VT/VF 0g) Target to the Right to the Left

L9j. 1.0 0 75 72 72

30 87 79 90

45 86 88 88

60 8 8 8

75 0 0 0

g0 0 0 0

120 0 0 0

180 0 0 0

o.8 0 85 82 82

15 93 91 95

30 92 87 94

45 97 95 97

6o 89 89 89
75 82 82 82

o9 91 91 91
Jc0 100 100 100

150 100 100 100

18o i00 100 100
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Figure 38 shows the resulting probability of successful arrival to
missile launch versus initial, target aspect angle (To) when target
penetration is considered for two speed ratios (VT/VF = 1.0 and 0.8).
Referring to the curve for VT/VF = 1.0 and comparing these to the
corresponding results on Fig. 35 it is seen that penetration effects
are negligible. The reason for this is that other parameters are the
limiting factors (gimbal angle and latclk of a speed advantage). In
effect, for attacks occurring at To = 600 and larger, the target would
reach the minimum range (its own weapon release range) whether pene-
tration problems are considered or nrit gince the interceptor does not
have a speed advantage.

When the speed ratio is reduced to VT/VF = 0.8, the results, if
penetration effects are considered, are as shown by the second curve
on Fig. 38. Comparing this curve to the one given previously on Fig. 35
it is seen that around to aspect anglesof 600 the results are essen-
tially the same. However, from 600 aft the probability of success drops
rapidly to zero. This is because the interceptor is pulled around onto
a tail attack, thus large distances are involved in overtaking the target.

The resulting probability of successful arrival to missile launch
for co-altitude attacks against maneuvering targets when penetration
distances are considered as shown nn Figs. a 39 -lidu'. " T..les V" a-r TV
show a comparison of the co-altitude attack probability of successful
arrival to missile launch results.

Probability of Successful Arrival to Missile launch - AN/APQ-72(Xi-3)
Radar - Pull-up Attacks

The next phase of the study is that of probability of successful
arrival to missile launch for pull-.up attacks. In preceding volumes
of this report this phase of the study was restricted to head-on pull-
up attacks. The results detailed in this volume extend the results
presented previously to include around the clock attacks. The 85%
probability of detection of the AI radar corresponds to that of the
AN/APQ-72(XN-3) radar, and is 19 naut mi against a B-47 size., high-speed,
head-on target aspect. The gimbal limits are ± 57U in azimuth and ele-
vation. The vectoring distribution is the same as that used previously,
1 a = ± 3 naut mi in azimuth. It is assumed that CIC is attempting to
vector the interceptor on a pure collision course in azimuth and the
vectoring inaccura'3ies are normally distributed about this pure collision
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TABLE V

COMPARISON OF PROBABILITY OF SUCCESSFUL ARRIVAL
TO MISSILE IAUNCH - NONMNEUVERING TARGET - CO-
ALTITUDE ATTACKS (30,000 FT) - WITH AND WITHOUT

TARGET PENETRATION CONSIDERATIONS

Interceptor Speed Aspect Probability of Successful Arrival to
Velocity Ratio Angle Missile launch -)

(Mach) VT/VF To Penetration Not i Penetration
(Deg) Considered Considered

1.91 1.0 0 75 75

15 84 84

30 87 87

45 86 86

6o 8 0

75 0 0

90 0 0

120 0 0

I5Z 0 0

i3o0 0

0.8 0 85 85

15 93 93
30 92 92

45 97 97
6o 89 89

75 82 7

90 91 0

120 100 0

150 100 0

18o 100 0
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TABLE VI

COMPARISON OF PROBABILITY OF SUCCESSFUL ARRIVAL TO MISSILE
LAUNCH - MANEUVERING TARGET - Co-ALTITUDE (30,000 ft) ATTACKS

WITH AND WITHOUT TARGET PENETRATION CONSIDERATIONS

Intercep- Speed Aspect Probability of Successful Arrival to Missile launch (%)
tor Veloco Ratio Angle Penetration Not Considered Penetration Considered

(Mach) VT/VF (deg) Initial Initial Initial Initial
Maneuver MIaneuver Maneuver Maneuver

TO to Right to Left to Right to Left

1.91 1.0 0 72 72 72 72

1.91 1.0 15 81 87 81 87
1.91 110 30 79 90 79 90

1.91 1.0 45 88 88 88 79
!o91 1.0 60 8 8 8 0

1.91 100 75 0 0 0 0

1.91 1.0 90 0 0 0 0

1.91 100 120 0 0 0 0

1.91 1.0 150 0 0 o 0

1.91 1.0 180 0 0 0 0

1.91 o.8 0 82 82 82 82

1.91 0.8 15 91 9 91 95
1.91 0.8 30 87 94 87 94

1.91 o.8 45 95 97 95 97
1.91 0.8 ,60 89 89 89 89
1.91 0.8 75 82 82 32 7
1.91 0.8 90 91 91 0 0
1.91 o.8 1l20 100 100 0 0

1.91 0.8 1150 100 100 0 0

1.91 0.8 180 100 100 0 0
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course. No corrections are made in altitude or azimuth until AI radar
lock-on (10 sees after detection). Upon lock-on the interceptor starts
an immediate 3g pull-up until it is on a lead pursuit course. The
criteria for success is that the error can be reduced to 100 or less
between the Rmax or Rmin boundary without a requirement of load factor
exceeding 3 or C~max, the gimbal angles of the AI radar are not exceeded
and a minimum recovery of L/W = 0.5 is encountered. The resulting proba-
bilities of successfu.l arrival to missile launch versus fighter alti-
tude at which the pull-up was initiated are shown on Figs. 41 thru 74.
A summary of these results are given on Table VII. R r to this

table, it is seen that the results are presented in families (separated
by heavy lines). Within these families the fighter speed, target alti-
tude, and target velocity are the same for all cases examined. The
families are further subdivided into groups (separated by dashed line).
Within these groups, the initial target aspect angles are the same for
all runs examined. These groups are numbered IA, IB, IC....IIA...etc.

It is now of interest to examine several of these groups. Referring
to group IA, it is seen that in head-on pull-up attacks the probability
of successful arrival to missile launch against this high speed target
flying at 65,000 ft is unacceptable for the cases when the interceptor
initiates pull-up from altitudes beloow 50000 ft.. If, for the moment,
we assume that the missile will have a resulting probability of 72%,
that it will successfully guide and fuze (85% for guidance; 85% for
fuzing) and that the overall desired or acceptable system probability
of kill is 50%, then the probability of successful arrival to missile
launch must be

0.50 ± 0.72 = 0.695 or 69.5%

For this condition even pull-ups from 50,000 ft are unacceptable.

Referring to group IC, when the target is flying at 65,000 ft under
M 2.0 conditions, and the initial approach aspect is 300 off the nose
of the target the probability of successful arrival to missilc launch
is unacceptable for all cases where pull-up is initiated from altitudes
below approximately 45,000 ft if the criteria as above is used.

As has been stressed in the past volumes, the model selected is
subject to "breakdoTmII" under particular and in most cases unusual situa-
tions. Examples of such a situation are sho.n on Figs. 71 and 72.
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TABLE VII

PROBABILITY OF SUCCESSFUL ARRIVAL TO MISSILE
IAUHCH - PULL-UP ATTACKS

Groups Intercep- 'Initial Target Target Initial Probabil- Primary Reasons
tor Veloc. Intercep- Altitude Veloc. Target ity of For Failures

tor Alti- Aspect Success-
tude (Mach) Angle ful Arriv
(ptx0 3 ) ('txlO3) 3 al to

(deg) Missile
launch

____ ___ ____ ___ ___ ___ ___ ___(%)

VFmax 20 65 2 Head-on 10 C >100

VFmax 30 65 2 Head-on 22° 5 G >100

IA VFmax 40 65 2 Head-on 40 c >100

VFmax 50 65 2 Head-on 61.5 C >100

VFmax 58 65 2 Head-on 75 e >100

VFmax 10 65 2 15 0

VFmax 20 65 2 15 3 ->1 , x>.570T T5 5 --t-L/W <0.5

IB VFmax 30 65 2 15 12.5 C 100, )>57 0

VRmax 40 65 2 1.5 28 6>100

VFmax 50 65 2 15 46.5 6 >100

VFmax 58 65 2 15 80 6>100

VFmax 10 65 2 30 0 X>57 0 , Rmax

VFmax 20 65 2 30 51 V>10°, K>57'
Rmax

IC VFmax 30 65 2 30 53 >o100, ?X>57'

VFaX 40 65 2 30 63.5 6 >i0°, 1>570
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TABLE VII (coat 0 )

Groups Intercep- Initial Target Target Initial Probabil- Primary Reasons
tor Veloc Intercep- Altitude Veloc. Target ity of For Failures

tor Alt- Aspect Success-
itiide (Mach) Angle ful Arriv-
(PZ1O3) (pu°o 3 ) o al to

(Deg) Missile
Launch

V-max 50 65 2 30 78.5 C >l0 0 2>570

vFmax 58 65 2 30 88 c >i00o %2>570

V-ax - - 45 o
VFmax 20 65 2 45 46 1>570. Em"e

ID VF-ax 30 65 2 45 75)5 1>570, Rmax

VFmax 40 65 2 45 86 2>570

VFmax 50 65 2 45 86.5 2>570

58 65 2 45 59 ->570

VFmax 10 65 2 60 0 )>570, y

VFmax 20 65 2 6o 0 1>570, !max

S VFmax 30 65 2 60 25 2>570, Rna&x

VFoax 40 65 2 60 25 X>57o PRmax
Vpax 50 65 2 60 25 2>570, Rmax

VFmax 58 65 2 60 0 2>570° imaX

VFmax 10 65 2 70 0 ý>570, Rm4

VFmax 20 65 2 70 0 2>57o, Rmax

VFmax 30 65 2 t0 8.5 1>57O, RTaUX

IF VFmax 40 65 2 70 8.5 2>570, •zra

VFmax 50 65 2 70 825 ý>57°, ,max
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TABLE VII (cont.)

Groups Intercep- Initial Target Target Initial Probabil- Primary Reasons
tor Veloc. Intercep- Altitude Veloco Target ity of For Failures

tor Alt- Aspect Success-
itude (Mach) Angle ful Arriv-
(rtxlO3) (Ftx103 ) al to

(Deg) Missile
Launch

VFmax 58 65 2 70 0 ý>57°, Rmax

M 0.9 25 65 2 0,15,30 0

IIA M 0°9 30 65 2 0,15,30 0

M 0.9 40 65 2 0,15,30 0

M 0.9 50 65 2 0,15, 30 0
MO0.9 55 65 2 0,15,30 0

m.,_ - . .. . . mIi -

VFmax 0 65 1°6 Head-on 0 )>57 0 , Rmax

VFmax 10 65 1.6 Head-on 3.5 X>570, Rmax

L/w<o.5
VFmx 20 65 1.6 Head-on 45 e>10OO Rma

V7max 30 65 1.6 Head-on 32 c > 100
lilA VFmax 40 65 1.6 Head-~on 43-5 C > 100

VFmax 50 65 1.6 Head-on 61 C > 100

VFmax 58 65 1.6 Head-on 80 e > 100

VFmax 0 65 1.6 0 X>570ý Rmax,
L/w <005

IIIB VFmax 10 65 i-6 15 23 X>57°, max,
L/w < 0o5

VFmax 20 65 1o6 15 56 6>1 0°, L/ 1 <0 5
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TABLE VII (cont.)

Groups Intercep- Initial Target Targaet Initial Probabil- Primary Reasons
tor Veloc. Intercep- Altitude Veloc. Target ity of For Failures

tor Alti- Aspect Success-
itude (Mach) Angle ful Arriv-
(Ft±10 3 ) (FtxL10 3 ) 8o al to

(Deg) Missile
Launch

____ _ _ ___ _______ ___ (% )

VFmax 30 65 1.6 15 38 C > i0o

VFmax 40 65 1.6 15 43°5 E > iO°

VFwax 50 65 1.6 15 67 C > 100

VFmax 58 65 1.6 15 91 1 > 100

VFmax 0 65 1.6 30 0 X57', Rax

VrmnrV 10 6~ 1i I 30 30-v )-5 5 a
1110 VFmax 20 65 1.6 30 80 C>100, L/w<0.5

VFmax 30 65 1.6 30 69 G > 100

VFmax 40 65 1.6 30 73 6 > 100
VFmax 50 65 1.6 30 82 C > 100

VFmax 58 65 1.6 30 91.5 C > 100

VFmax 0 65 1.6 45 0

VFmax 10 65 1.6 45 0 X>570, Rmax
hID VFmax 20 65 1.6 45 91 X>570, Rm.,

VFmax 30 65 1.6 45 95,5 2>57O, C>100

VFmax 40 65 1.6 45 95,5 2>570,e>100

VFmax 50 65 1.6 45 96.5 2 > 570

VFmax 58 65 1.6 45 94 X > 570
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TABLE VII (cont.)

Groups Intercep- Initial Target Target Initial Probabil- Primary Reasons
tor Veloc. Intercep- Altitude Veloc, Target ity of For Failures

tor Alti- Aspect Success-
tude 3 (Mach) Angle ful, Arriv
(Ftx.0) yaKnc0 T) o al to

(Deg) Missile
Launch
M5)

VFmax 0 65 1.6 60 0

VFmax 10 65 1.6 60 0 2>57°, Rniax

IIIE VFmax 20 65 1.6 60 50 2>570, Rmax

VFmax 30 65 1.6 60 87 x > 570

VFmax 40 65 1.6 60 91 x > 57 0

VFmax 50 65 1.6 60 92 X > 570

VFmax 58 65 ±°6 60 66 k>57 0 ,Rmax

VFmax 0 65 1.6 75 0

VFmax 10 65 1.6 75 0
IIIF VFmax 20 65 1.6 75 0

VFmax 30 65 1.6 75 0 2>570, Rmax

VFmax 40 65 1.6 75 8 2>570° Rmax

VFmax 50 65 1o6 75 8 X>570, Rnax

VFma58 6 6 75 0 250o

VFmax 0 65 1.6 82 0

VFmax 10 65 i,6 82 0
IIIG VFmax 20 65 1.6 82 0

VFmax 30 65 1.6 82 0

36 CONFIDENTIAL



CONFIDENTIAL

TABLE VII (cont.)

Groups Intercep- Initial Target Target Initialj Probabi-f Primary Reasons
tor Veloc. Intercep- Altitude Veloc. Target lity of 'For Failures

tor Alti- (Mach) Aspect Success-
tude 3 3 Angle ful Arn-
(Th,;no) (Ftxl°5  0 rival to

(Deg) Missile
Launch

VFmax 40 65 1.6 82 465 A>57 0 , Rmax
VFmax 50 65 1.6 82 4.5 )>570, Rmax

VFmax 58 65 1.6 82 0 ?>57° Rmax

VFmax 58 65 1.6 90 0 X>57', Rx
I11H VFmax 50 65 Io6 90 0 1>570, Rmax

..wmax4 .OS W ' J ' R"max
50 65 1.6 120 0 2>57°, R

M 0.9 30 65 I.6 0,15,30 0
IVA M 0.9 40 65 1.6 0,15, 30 0

M2 0°9 55 65 1o6 0,15,30 0
- -- - -e nl 

-.

VFmax 10 50 2.0 Head-on 16 C >100,•2>570

V A VFmax 20 50 2.0 Head-on 46 c > j00

VFrnax 3 50 2C0 Head-on 65 > i0
"VFmax 50 2.0 Head-on 75 -> i0°
VFmax 50 50 2.0 Head-on 75 0> 10

Vrimax i r0 50- 2 1 15 ° Rmax
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TABKE VII (cont.)

Groups Intercep- Initial Target Target Initial Probabil- Primary Reasons
tor Veloc. Intercen.- Altitude Veloc. Target ity of For Failures

tor Alti- (Mach) Aspect Success-
tude 3 Angle ful Arriv
(Ftxl03 ) (Ftx103 ) to al to

(Deg) Missile
Launch

VFmax 20 50 2 15 34 C > 100

VB VFmax 30 50 2 15 39 E > 100

VFmax 40 50 2 15 62 e > 100

VFniax 50 50 2 15 84 s > 100

VFmax 10 50 2 30 1 >57°,0 Rmax

VFmix50 2 30 68,5 E>10° >570°""Rax

VFmax 30 50 2 30 67 E- >0:L0U >57 0

VC VFmax 40 50 2 30 78,5 E >100 4>57°

VFmax 50 50 2 30 89 E > i0°

VFmax 10 50 2 45 0 )> 5 7O RmV D maxVF max 20 50 2 45 59-5 1>570°? Erax

VFmax 30 50 2 15 84 k >570

VFmax 40 50 2 45 87 X > 57'

VFmax 50 50 2 45 87 5 X > 57'

VFmex 10 50 2 60 0
V F VFmax 20 50 2 60 0 A>370, 1%ax

VFmax 30 50 2 60 25 x>57°, Rmax
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TABLE VII (cont.)

Groups Intercep- Initial Target Target Initial Probabil- Primary
tor Veloc. Intercep- Altitude Veloc. Target ity of -Reasons

tor Alti- Aspect Success- For
rtude 1(o)ch) Angle ful Arriv- Failures

(Ftxuoe ) (rptxo 3 ) TO al to
(Deg) Missile

launch

nM

VFmax 40 50 2 60 25 )>57°, Rm, x

VFmax 50 50 2 60 25 A>57% Rmax

VFmax lo 50 2 70o
VG VFmax 20 50 2 70 0 )>57 0 max

VFmax 30 50 2 70 8 A>57 0 , Rmax

VFmax 40 50 2 70 8 ?,>570. Rmax

vimax 50 50 2 70 8 ?>57 0 , Rmax

M 0.9 20 50 2 15 10 k>57', Rax,

VI A L/W < 0.5

M 0.9 30 50 2 15 52 Ž>57°, L/W<0O5

M 0.9 40 50 2 15 81 G > O0°
M 0.9 50 50 2 15 77 e > 10

M 0.9 30 50 2 30 0
VIB M 0.9 40 50 2 30 0

M 0.9 50 50 2 30 0

VF0ax O 50 1.6 Head-on 0 X>57 0 , Rmax
L/WC 0.5

VF1ax 10 50 1.6 )Head-on 80. C >100, "ax
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TABLE VII (cont.)

Grous Intercep- Initial Target Target Initial Probabil- Primary
tor Veloc. Intercep- Altitude Veloc. Target ity of Reasons

tor Alti- Aspect Success- For

tude 3 (Mach) Angle ful Arriv- Failures
(FtxiO) (FtxlO3T To al to

(Deg) Missile
Launch

_______ ____ ___ ___ ____ __ ___ (%)
VFmax 20 50 1.6 iead-on 56 C > 10 0

VIIA VFmax 30 50 1.6 lead-on 61 C > lC0

VFmax 40 50 1.6 lead-on 76 e > 100

VFmax 50 50 1.6 lead-on 84 C > lo0

VFmax 0 50 1.6 150 49 }>57s1, R max
L/W< o.5

VFmax i0 .L.O 1 )± 82 d>1oO,>570

Rinax
VFmax 20 50 1.6 150 60 E > 100

VIIB VFmax 30 50 1.6 150 66 C > 100

VFmax 40 50 1.6 150 81 C > i0°

Vrmax 50 50 1.6 150 90 Z > 100

VFmax 0 50 1.6 300 41 )>57°, Rmax
1VFmax 0 50 1.6 300 89 X>57 0 , Rmax

VFmax 20 50 1.6 30° 82 C > 100

VFtax 30 50 1.6 300 84 C > 100

VFmax 40 50 106 300 89 C > i0°

VFmax 50 50 1.6 1300 91 6> 100
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TABLE VII (contj)

Groups Intercep- Initial Target Target Initial Probabi- Primary
tor Veloc. Intercep, Altitudc Veloc. Target lity df Reasons

tor Alti- Aspect Success- For
tude 3 (Mach) Angle ful Ar- Failures
(FtxlO) (FxlO rival tc(Deg) Missile

Launch

VFmax 0 50 1.6 45 0 x>57 0., Rmax

VFmax 10 50 1.6 45 37 1>570° Rmax
VIID VFmax 20 50 1.6 45 94 x > 570

VFmax 30 50 1.6 45 86,5 K lOO > s.570

VFmax O 50 1.6 45 88 > 570

VFmax 50 50 1.6 45 97 1> 570

0 50 io6 60 0VFmax 10 50 z6 60 9

VFmax 20 50 1.6 60 75 1>570

VIIE VFmax 30 50 1.6 60 88 x > 57'

VFmax 30 50 1.6 60 92 x > 570

VFmax 50 50 2o6 60 89 x > 570

VFmax 50O 16 75 0

V1max l0 50 1.6 75 0 •57°, Rmx
VIIF VFmax 20 50 1.6 75 50 X > 570

VFmax 30 50 1.6 75 76 x > 570

VFmax 4O 50 1.6 75 82 x > 570

VFmax 50 50 1.6 75 82 x > 570
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TABLE VII (nont.)

Groups Intercep- Initial Target Target Initial Probabil- Primarytor Veloc. Intercep- Altitude Veloc. Target ity of Reasons
tor Alti- Aspect Success- For
Lude 3 (Mach) Angle AlL Axriv- Failures
(FtxlO) (FtxiO )r al to

ADeg) Missile
Launch

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ( % )
VFmax 0 50 1.6 9o 0
VFmax 10 50 1.6 90 0 X>57°,Rax
VFmax 20 50 1.6 90 25 X>57°• Rmax
VFmax 30 50 1.6 90 75 X > 57'

VIIG VFmax 40 50 1.6 90 91 X > 570

50 50 1.6 90 91 X > 570

"'Fmax o50 1.6 120 0

V'VFmax 10 50 1.6 120 0 Rmax
VIIH VFmax 20 50 1,6 120 79 X > 570

VFmax 30 50 1.6 120 99 X > 570
VFmax 40 50 1.6 120 100

VFmax 50 50 i,6 120 100

VFmax 0 50 1.6 150 0

VII-I VFmax 10 50 1.6 150 0 Rmax
vFmax 20 50 1.6 150 io0

VFmax 30 50 1.6 150 100
VFmax 40 50 1.6 150 100

VFmax 50 50 1.6 150 100
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TABLE VII (cont.)

Groups Intercep- Initial Target Target Initial Probabil- Primary
tor Veloc. Intercep- Altitude Veloc. Target ity of Reasons

tor Alti- Aspect Success- For
tude 3 (Mach) Angle ful Arriv- Failures
(FtxlO) (txn3u) - l to

Missile
Launch

M 0.9 10 50 166 15 45 )>570, R
L/ W-- 00.5

vnn. M 0.9 20 50 1.6 15 68 4/W < 0.5

M 0o.9 30 50 1.6 15 88 I/w < 0o5

M 0.9 40 50 1.6 15 96 e > 10 0

M 0o.9 50 50 1.6 15 92 e > I0°

M O.9 10 50 1 q0 !15 '..t, ,max

0.9 20 50 1.6 30 41 X>57', 1ýnax
VIIIB N 0.9 30 50 1.6 30 41 x>57°0, Raax

M 0.9 40 50 1.6 30 41 21>570O Rmax

M o.9 50 50 1.6 30 48 x > 570
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Referring to the pull-up runs initiating from 10,000 ft altitude it is
seen that the interceptor was unable to close to R.a.. The reason for
this is that pull-up was initiated from radar lock-on and the inter-
ceptor continued to pull up as long as possible, regardless of slowdown
effects. If penetration effects are ignored, the interceptor could
climb, for instance, to 40,000 ft, level off, and close to Ra. However,
if penetration effects are considered, the resulting probability of suc-
cess still would be very low.

Effect on Pull-Up Capability of Steering in Azimuth-OCly and Delaying
Pull-Up

The criteria that has been used throughout the study of probability
of successful arrival to missile launch in pull-up attacks are:

1. The interceptor is vectored on a pure collision course and con-
tinues to fly a pure collision course until lock-on.

2. All pull-ups are initiated at lock-on.

Previously, under the section on pull-up attacks under "ideal" conditions,
a preliminary study of the effect of steering in azimuth-only after lock-
on was made, which showed no improvement in pull-up capability. Referring
to the results of probability of success in pull-up attacks given on
Table VII, it is observed that on many runs a failure resulted because
the interceptor failed to close rsnge to Rmax. The question immediately
arises as to what would happen if the pilot steered in azimuth-only after
lock-on and delayed pull-up until a range consistent with the snap-up
range equation proposed by Raytheon is reached. The snap-up equation
is given by

R = R + il V - 6ooo
su max c

Rsu = Snap-up range in feet

R = Maximum aerodynamic range of the missile in feetmax

V = Closing velocity in feet/secc

This steering in azimuth-only until Rsu criteria will be used on a selected
number of runs from three aspect angles to determine its effect on proba-
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bility of successful arrival to missile launch in pull-up attacks. To
aid the reader, a picture of the probability grid used to get the result-
ing probabilities of Table VII, is given on Fig. 75. The center line
corresponds to the initial aspect angle to which the fighter direction
center attempts to vector the interceptor. About this center line there
is a distribution in azimuth associated with the vectoring inaccuracy
and a distribution in range associated with the probability of lock-on.
The weight of the individual boxes is the product of the corresponding
weight of the appropriate row and column. Pull-up runs from boxes in
this gq d at three different aspect angles (To) were examined using
the criteria of steering in azimuth-only until Rsu. The results are
given on Table VIII. The initial conditions are given by the first six
columns of this table. The first four runs on the table are from the
probability grid associated with the point on Fig. 53, and with Group III-F
of Table VII where the fighter pulls up from 50,000 ft altitude. Examina-
tion of the runs in the probability grid when the interceptor pulls up at
lock-on gives the results shown in Column 7 of Table VIII. When the in-
terceptor employs steering in azimuth-only and delaying pull-up, the
results of Column 8 of Table VIII are obtained. Comparing the first
four values in each of these columns, it is seen that the doctrine of
steering in azimuth-.only until Rsu does not improve the situation. In
fact, those runs which failed using the criteria of pulling up at AI
lock-on range were more of a failure when the criteria of steering in
azimuth-only until Rsu was employed. Detailed examination of thebe
runs reveals that steering in azimuth-only lengthens the flight path
of the interceptor by drawing him further toward the tail of the target.
Interceptor slowdown effects are greater and the interceptor is unable
to close range to Rsu (snap-up range). Comparable results are shown for
the case of To = 90 and 1200.

The results of preliminary investigations of the effect on pull-up
attacks made under ideal conditions of steering in azimuth-only were given
previously. This section shows the results on pull-up attack probability
of success of steering in azimuth-only and delayed pull-up. Based apon
the results obtained under these two different pull-up conditions, it is
concluded that steering in azimuth-only results in a degradation of pull-
up capability. It is better for the interceptor to continue on the
vectored course until pull-up.

45 CONFIDENTIAL



CONFIDENT IAL

'Ti
o 0)
o C)
o 0j

Iq-J 0

Pm
00Hr

rl l +

*i 0 0 0 0 0 0

03t R Wlj 0 H-
W 4-SIS 0 0 *d rd LO0) 0 ta wO w

4-') to 4-H 03 01i PS Ed IV ol td C3iE co
H rC to Eaw 44

N>c C) 0 a) 0 034 (D ILO H Sl Sd1 Qu
W0 (D rq 0 0j0 00 c d Cd WCdOI

M1- 0n Po 4-- -P C) m Mca

0- 43 0) o 0 0 0) 0

00 Cd 0 .
0k +5 A , i 05 ED cii V)

HP(d -Po 0 -
U) ~ H4) W- ~ l V 0 o t I I

R4 4) C) ci 0 c i iHwP 0f4 0
P4 000 Oooo gi oi 05 ci 0d Cm

0C~ CCCd 4Z V) U) Ua U) co) U

z i

H- f- H 0 0 0 0 0 0 0
H ~ 0 0H[A nLf'\ In% tf\ u\ L(\ IC-\

I22h1 4- -P_ _ _ _ _ _ _ _ _ _

0 ý ý

0 F -i

:DOI *r~ m.d q I I I I I I I
F'a U , k r-4 ci m 34 c

C' 4  *H ;4500

4.)3 POc 0 C0 0 0 0 00 0
dd0-0) 0-' CMi (MCJ U C C Ui CU

-P r

0-3 -.-Q) i \CO0 0 \0 0 \
-P 0 0EAU I N IC N U

Q)I 4I) \DLD-qm
H- P -
co V -

E-4 ' 2g~~&
SCiw 4J H-

HHoC\Lr \ !\



CONFIDENTIAL

Effect on Pull-up Capability of Delaying Pull-ups

In the above section it was shown that steering in azimuth-only and
delaying pull-up until the range defined as Rsu is reached does not im-
prove pull-up capability. In fact, the situation is degraded. However,
the primary cause of degradation was steering in azimuth-only. It is
now of interest to try another criteria and investigate the resulting
effect on pull up capability. The interceptor will continue to fly the
vectored pure collision course, but pull-ups will be delayed until the
range corresponds to

R =fR + lO V -6000
su Max

Two situations were investigated and the resulting probability of success-
ful arrival to missile launch was compared with the results obtained pre-
viously when the interceptor pulls up at lock-on. This comparison is
shown on Figs. 76 and 77. The conditions of Fig. 76 are that the target
is flying at 65,000 ft at M 1.6, and the interceptor is flying at Vmax
and initiates pull-up from 50,000 ft altitude. Curve A shows the result-
ing probability of successful arrival to missile launch as a function of
relative angle off target's nose (initial target aspect angle To) for
the case where the interceptor pulls up at lock-on. This curve is a
cross-plot of information presented previously. When the interceptor
does not pull up until Rsu is reached, the results are as shown by Curve B.
It is seen that for initial target aspect angles greater than 600 there
is an improvement in probability of successful arrival to missile launch.
In fact, the improvement is largely in the region of 900 (from 0% to 41%).
This improvement results from the fact that by delaying the pull-up the
effect of interceptor slowdown is not as great and the range can be closed
to Rmax. Beyond 1000, the probability is still zero because of a lack of
speed advantagct The line drawn between 900 and 1000 is shown dashed
because the exact point where the probability returns to zero is not known
(runs not made).

Comparable results for the case when the interceptor initiates
attacks from 30,000 ft are shown on Fig. 77. For this case there is no
change in probability of success when pull-up is delayed.

The improvement shown on Fig. 76 resulting frai delayed pull-ups,
indicates that there is an advantage to be gained. Further study is
needed to determine the full extent of the improvement and if the cur-
rently defined Rsu is optimum.
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Remaining Study

There are areas where additional analyses are needed to allow more
complete definition of the performance of the improved system. Among
these are:

1. Inclusion of actual missile performance during ejection
launch and after launch. This includes transient effects during launch
and radome and target noise during the flight of the missile.

2. Inclusion of the effects of noise and missile orientation
both with and without "English Bias."

3. More extensive study of the effect of waiting until snap-
up range (Rsu) is needed.

The three areas above are now under study and will be reported on
in another volume of this series.

PHASE V - STUDY TO DMETMINE AND ASSESS REALIZABLE f4lPROVEMENTS

This phase is of necessity a cnntnuin• g one. T.I those areas where
it appeared that important gains could be made by incorporation of im-
provements which could be realized within a useful time scale, action
recommendations have been made to the Bureau. Among the areas where
recommendations have been made are:

1. Incorporation of optimized search areas in the AI radar.

2. Bandwidth switching in the AI radar.

3. Incorporation of bright display.

4. Optimization of AI radar antenna size and required gimbal
coverage.

5. incorporation of Triangle System.

6. Doctrine and procedures for employing the aircraft, radar,
missile combination under tactical conditions.

7. Relationship of NTDS, ATDS to tactical requirements.
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Appraisal of the impact of possible improvements in subsystem on
overall tactical effectiveness is continuing. During the next study
phase primary emphasis will be placed on investigation of sensitivity
of system effectiveness to changes in missile performance.

PHASE VI - STUDY OF JR TIE-1N FOR Al FIRE CONTROL SYSTEMS

No additional study effo.ft beyond that reported in previous volumes
has been devoted to this phase0 1h addition, it is not anticipated that
any additional study of this phase will be conducted during the remainder
of the program.

PHASE VII - REPEAT STUDY PHASES I THRU VI FOR SPARROW III WITH IR SEEKER

No additional study effort beyond that reported in previous volumes
has been devoted to this phase. It is anticipated that during the next
study phase, the tactical effectiveness of a multtmode seeker (Sparrow III
CW and IR) will be investigated.

PHASE VIII - REPEAT STUDY PHASES I THRU VI FOR SIDEWINDER

mn dt, ., only limited data on the performance of the proposed Side-

winder IC has been received. This data is primarily restricted to aero-
dynamics performance of the missile. In Volume III of this series, one
preliminary attack zone overlay was given for Sidewinder IC. This study
phase is extended in this volume to cover other speed and altitude condi-
tions and to modify this preisLminary overlay given previously. Figs. 78
thru 81 give co-altitude attack zone overlays for Sidewinder IC when the
attacks are conducted under ideal conditions. The interceptor arrives
at Al radar detectionshown by Curve A,on a perfect lead oursuit course.
Lock-on occurs 10 secs later as shown by Cua.ve B. The pilot must be able
to fly the pure pursuit couise until the aerodynamic zone (shown by heavy
curve) of Sidewinder IC is entered without exceeding 3 g's. The aero-
dynamic zone was obtained from Ref. 8. The 3 g contour is shown by Curve C.

Figure 78 shows the results of co-altitude attacks made at 50,000 ft
when the interceptor velocity (VF) is 1940 ft/sec and VT/VF = 1.0. Referring
to this figure, it is seen that there is essentially one course (that orig-
inating from approximately 58° off the target's nose) that can be flown to
an acceptable missile launch point. All other courses either require more
than 3 g's (see course originating from 50O) or miss the aerodynamic zone
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(see course originating from 60°). All runs aft of the beam fail because
of lack of speed advantage.

When the velocity of the target (VT) is reduced such that VT/VF = 0.8
the results are as shown on Fig. 79. It is seen that successful. runs are
restricted to those originating from approximately 600 off the target's
nose to tail-on. As we go toward the tail, penetration effects become
more pronounced because of increased time required to close to an accept-
able release range.

When the co-altitude attack occurs at 30,000 ft altitude the results
are as shown on Figs. 80 and 81. Figure 80 gives the results for the case
of VT/VF = 1.0. As shown, the interceptor cannot enter the acceptable
aerodynamic zone for Sidewinder IC. This is due to excessive "g" require-
ments and lack of speed advantage cQupled with the very small aerodynamic
zone available. When the speed ratio VT/VF is reduced to 0.8, the results
are as shown on Fig. 81. Successfu- attacks can be made under these condi-
tions from 600 off the target's nose around to tail-on. However, as we go
toward the tail the times required to close to the aerodynamic zone for
Sidewinder IC are large.

The attack zone overlays presented on the above four figures represent
an extension of results presented previously. However, these overlays are
still very preliminary in nature. Additional study is needed to include
the actual seeker performance of Sidewinder IC and to develop actual proba-
bility of success curves. In addition, analysis effort is needed in an
attempt to develop optimum tactics for employment of Sparrow III and Side-
winder IC as a mixed load.

CONCLUSIONS AND RECOMENDATIONS

Introduct ion

The conclusions and recommendations presented here in no way void
those given previously in Volumes I and III. Data in this volume repre--
sents an extension of that given previously and includes subsystem changes
that have occurred and additional areas of investigation. The areas of
investigation detailed in this volume are restricted to the system using
the AN/APQ-72 (XN-3) radar. Many distinctly different tactical situations
are examined. For this reason the reader is encouraged to refer to the
text for the full meaning of the conclusions and recommendations which
follow.
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A. Co-altitude Attack Investigation

1. The results of the study using the barrier method of analysis
(wherein each barrier represents 85%-90% probability) of the ideal situa-
tion for high altitude (co-altitude) attacks given in this document are
in agreement with those given previously in Volumes I and III. Additional
results for the system employing the AN/APQ-72 (0l-3) radar are presented
in this volume. The following conclusions are indicated:

(a) When VT/VF = 1.0 where VF = Vmax and the attack altitude is
50,000 ft, the interceptor must start his approach from forward of 680 off
the target's nose if entry into the effective attack zone is to be made
(see Fig. 3).

(b) When the speed ratio (VT/VF) is reduced to 0.8 where VF = Vmax
and the attack altitude is 50,000 ft, around the clock attacks are pos-
sible. However, penetration distances are great because of having 6nfy a 20%
speed advantage.

2. The probability of successful arrival to missile launch in co-
altitude attacks, when limited by some of the degrading factors to be
cnrnr,wnfcnnoA in +l-.rC.t ý c+;~ -4- 44 '--1 -'_-_-r - I _- -

gimbal angle limits, allowable missile launch error, etcQ, are given in
Volumes I and III for many tactical situations. The analyses detailed
in this volume represent an extension of this investigation and result in
the following conclusions:

(a) When the attack altitude is 30,000 ft, VT/VF = 1.0 and VF =

m 1.91, the probability of successful arrival to missile launch is 75%
head-on rises slowly to 87% at 300 off the target's nose and drops sharply
beyond t5° off the target's nose.

(b) When the conditions are the same as those of item (a), except
VT/VF =:0.8, the probability of successful arrival to missile launch is
85% head-on, 97% at 45 0 off the target's nose, 89% at 600 off the target's
nose. Beyond 600 the probability drops sharply to zero because of target
penetration effects.
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(c) When the target performs a simple 1 g crisscross maneuver,
the resulting effect on probability of successful arrival to missile
launch is negligible.

B. Pull-up Attack Investigation

1. The pull-up attack investigation of the "ideal" situation detailed
in Volumes I and III was restricted to head-on attacks. This investiga-
tion is extended in this volume to include around the clock pull-up attacks
made under the "ideal" or perfect vectoring situation. The following con-
clusions are indicated:

(a) When the target is flying at M 2.0 at6,00 ft- altitude and
the interceptor starts the pull-up run under VPiax conditions, the pull-up
zone available for the head-on aspect is small both in terms of differential
altitude and time available. When the aspect angle is increased to 150 off
the target's nose there is essentially no pull-up zone available. When the
aspect angle is increased to 45', the zone is also increased in size to one
where attack from differential altitudes of 48,000 ft can be made. At 600
off the target's nose there is no zone available. (See Figs. 5 thru 9).

(b) When the target is flying at M 2.0 at 65,000 ft altitude and
the interceptor starts the pull-up run under Vcruise conditions, there is
no pull-up zone available (see Figs. 6 and 7).

(c) When the target is flying at M 1.6 at 65,000 ft altitude and
the interceptor starts the pull-up run under Vmax conditions, the pull-up
zones available for aspect angles of head-on and 150 are still small in
terms of differential altitude and time available. At 450 the zone avail-
able is large and pull-up attacks can be made from differential altitudes
of 52,000-ft. For aspect angles of 600 and greater, the zone available
is large. However, for aspect angles of 900 or larger, the target pene-
tration distances will be large (see Figs. 10 thru 19).

(d) When the target is flying at M 1.6 at 65,000 ft altitude and
the interceptor starts the pull-up runs under Veruise conditions, there is
no pull-up zone available (see Figs. 11 and 12).

(e) When the M 2.0 targets altitude is reduced to 50,000 ft, the
pull-up zone available is increased in size. However, the zones available
at aspect angles of head-on, 150 and 300 are very limited timewise. When
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the aspect angle is increased to 450, the zone is increased in size to
the point where differential altitude attacks of 34-000 ft can be made
(from 16,000 up to co-altitude). For aspect angles of 600 or greater
of the targct's nose there is no zone available (see Figs. 20 thru 24).

(M) When the interceptor starts the pull-up run under Vcruise
conditions against this M 2.0 target flying at 50,000 ft there is a
marginal zone available at 150 off the target's nose (see Figs. 21 and 22).

(g) When the 50,000 ft altitude target's speed is reduced to
M 1.6, the trend is the same as that described under items (c) and (d)
above.

(h) From the above results on pull-up attacks it is concluded
that the optimum approach aspect for successfully attacking high speed
targets is 450 off the target's nose. It is recommended that tactical
doctrines be developed which will result in placement of the interceptor
at this initial approach aspect.

(i) From the above results on pull-up attacks, it is concluded
that it is tactically wrong to start a pull-up attack with the intercep-
tnr nnerat1i-ng under Vr±•uise cotnions.

(j) Extreme differential pull-up attacks should be avoided
because of the small time available in the pull-up zone.

2. The probability of successful arrival to missile launch in pull-up
attacks when limited by some of the degrading factors to be encountered
in the tactical situation, such as vectoring inaccuracies, gimbal angle
limits, allowable launch errors, etc., are given in Volume III for the
head-on attack case. A study, reported herein, extends this investigation
to include around the clock attLcks. In the text it is assumed that

(a) the resulting overall system probability of success must
be 50% or greater to be acceptable,

(b) the probability that the missile will successfully guide
and fuze after being launched is - 70%, and

(c) the resulting probability of successful arrival to missile
launch must be x, 70%.
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If these assumptions are valid, the following conclusions are indicated:

(a) When the target is flying at M 2.0 at 65,000 ft and the
fighter starts pull-up runs under Vmax conditions, the fighter must be
vectored to a position in the region of 300 to 450 off the target's nose
if the resulting pull-up probability of success and associated differen-
tial altitude band available is to be acceptable. The optimum position
for vectoring is 450 off the target's nose (see Figs. 41 thru 46).

(b) If the fighter starts pull-up runs under Vcruise conditions
against a 1 2.0 target at 65,000 ft, the results are unacceptable (see
Fig. 47).

(c) When the target velocity is reduced to m 1.6 at 65,000 ft
and the fighter starts pull-up runs nuder Vmax conditions, the fighter
must be vectored to a position in the region of 300 to 600 off the tar-
get's nose if the resulting pull-up probability of success and associated
differential altitu.e band available is to be acceptable. Again the
optimum approach aspect is 450 (see Figs. 48 thru 55).

(d) If the target is flying at M 1.6 at 65,000 ft altitude and
the fighter starts pull-up runs under Veruise conditions, the results are

(e) When the target is flying at M 2.0 but the altitude is re-
duced to 50,000 ft and the fighter starts pull-up runs under Vmax condi-
tions, the same general trend as described under item (a) is observed.
The fighter has the largest pull-up probability of success along with
the largest differential altitude band in the region of 300 to 450 off
the target's nose. Again the optimum approach aspect is in the region
of 450 off the target's nose (see Figs. 57 thru 62).

(f) When the target is flying at 50,000 ft altitude and the
speed is reduced to M 1.6, the Vmax fighter can make successful around
the clock pull-up attacks. However, when target penetration is con-
sidered, attacks initiated aft of the beam will, in effect, result in
failures (see Figs. 64 thru 72).

3. Th the pull-up attack investigation it was found that some of the
fal.lures which occurrod rould bc attributed to the pull-ap doctrine employed.
The doctrine employed was that the interceptor is vectored on a pure colli-
sion course and continues to fly this course until pull-up. Variation of
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this doctrine was investigated with the following results:

(a) The situation is not improved if the pilot steers in azimuth-
only between AI radar lock-on and pull-up. In general, steering in azimuth-
only causes the interceptor to be drawn around toward the tail of the target
(see Table III).

(b) The situation is not improved if the pilot steers in azimuth-
only and delays pull-up until snap-up range (Rsu). In fact, those runs
which failed (using the initial doctrine) were more of a failure when the
criteria of steering in azimuth-only until Rsu is employed (see Table VIII).

(c) The preliminary investigation conducted to date indicates
that when the interceptor continues on the vectored course (pure collision)
but pull-up is delayed until Rsu , there is an improvement in probability
of success. The improvement is most evident at aspect angles in the vicinity
of 901 off the target's nose.

FUTURE STUDY EFFORT

There are several areas where investigation is needed before the per-
formance of the F4H-1 (Sparrow III 6a) System, under tactical conditions,
can be clearly defined. These are as follows:

1. Further study effort is needed on the low altitude and lookdown
investigation when results of planned tests become available.

2. Determine by study and analysis the acceleration launching
transients occurring during the Sparrow III missile launch and the effects
of these transients upon dynamic performance of the missile internal func-
tions and missile trajectory to the target.

3. Determine by study and analysis the effects of noise and missile
orientation on system accuracy, both with and without "English Bias."

4. Determine by study and analys•i• the illuination requirements
after Sparrow III launch in conjunction with breakaway requirements and
aircraft normal flight recovery requirements.

"- 5. Determine by study and analysis the feasibility and possible ad-
vantages of using multimode guidance systems.
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6. Investigation of system performance using the Sidewinder IC
is needed. However, this cannot proceed because of a lack of data
describing the performance of this missile.

The study effort required in those areas covered by items 2, 3 and
4 above has been completed. Data are beiiig reduced and the results will
be published in the near future. A preliminary study of the problem
of item 5 has been made and a report is in preparation. It is antici-
pated that with the reporting of this additional study effort, the Navy''s
Air to Air Missile Study as related to the F4H-1 (Sparrow III 6a) Weapon
System will be complete. Additional study of the problems of items 1,
5 and 6 will be conducted under the Navy's Air to Air Missile Study as
related to the F4H- (Sparrow III 6b) Weapon System, which is currently
in progress.
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j F11. 41- Probability of Successful Arrival to Missile Launch for

CONIDETIA -Full-up Attacks, Keaa-on - A/P-2 (2!-3) Rada

Mach 2.0 Targ:et 65,000 Ft.
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#tfr Fig. 42- Probability of Successful Arrival to Missile Launch for
CNFIDENTIAL-- Pull-up Attacks, 16a•:150 -2. T tAN/ApQ-2 50(XN- 3)Ft adar
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I.:Fig. 43- Probability of Successful- Arrival to Missile Launch mrr
U I I Pull-up Attacks, To= 300 - AN/APQ-72 (XN-a) Radar

COINFIDENTIAL I Mach 2.0 Target 65 ,OOO Vt. r
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F Fý Missile Launch for.ig. 44- Probability Of Successful Axrival to
rl PILU-Up JAI 2 (XN.-3) RadarI MUCONFITnENTIAL ttacks, 'rD-- 450 AN/APQ-74-
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Probability of Successful Arrival to Missile Launch for

IDENT-AL'Pull-up Attacks, -T.- 600 - AN/APQ-72 (XN-3) Radar 5
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Fig. 46- Probability of Successful Arrival to Missile Lauhch for
Pull-up Attacks, 'rot 7 00- AN/APQ-72 (XN-3) Radar

CONFcENTIAL Mach 2.0 Target 65,000 Ft.
I Pull-up 3g or C -
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H *Ž. Fig. 47-- Probability of Successful Arrival to Missile launch for
Pull-up A'xttacks, trz 00, 150, 3QO- AN/APQ-72 (fl4-3) Radar
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EIiFg 48- Probability of Successful Arrival to Missile Launch for
CONFIDENTIAL Pull-up Att~acks, Head-on - AN/APQ-72 (fl4-3) Radar
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F Fig 49 - Probability of Successful Arrival to Missile Launch Li'
CONFIDENTIAL Mach 1.6 Target £5,000 Ft.
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11....Fig. 50- Probability of Successflj Arrival to Missile Launch for irL

NFIENTALPull-up Attacks, £4, :30 - AN/APQ-72 (XN-3) Radar
CONFIDNTIALMach 1.6 Target 65,000 Ft.KmrII Pull-up 3a or C_.
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SFig. 51- Probability of Successful Arrival to Missile Launch ibr

CPONFIDENTIAL rull-up Attacks, T,--450 - AN/APQ-72 (XN-3) Rader
Mach 1.6 Target 65,000 Ft.
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SFig. 52- Probability of Successfu0i Arrival to 11,issile Launch for

CONIFIDENTLUL Pull-up Attacks, ore - 60 - AN/APQ-72 (XN-3) Raclar

Mil Mach 1.6 Target 65,000 Ft. •_
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Vkti~..gi: 53- Probability of Successful Arrival to Mýiss il LuCh frdrICONFDENIAL ul1-up Attacks, fro 750) - AN/APQ-72 (XN--3) Radar T
_t14Mach 1.6 Target 65,000 Ft.

Pull-UP 39 or C,.
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-z• l Fig. 54- Probability of Successful Arrival to Missile Lunch f or''•
S........ PllupAttacks, f'oc 820 - AN/APQ-72 (XN-3) Radar

CONFIDENTA Mach 1.6 Target 65,000 Ft. -
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Fig. 55- Probability of Successful Arrival to Missile Launch for
CONFIDENTI1AL Pull-up Attacks, ar t900 1200 - ANfAPQ,-72 (XN-3) Radar
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,LNFrig. 56- Probability of Successful Arriva; to Missile Launch for

LCO WENTIAPull-up Attacks, -00, 150, 30 - AN/APQ-72 (XN-3) Radar

Mach 1.6 Target 65,000 Ft.
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TFV-EL-7[Jig. 57- Probability of Successful Arrival to Missile Launch for F
CONFIDENTIAL Pull-up Attacks, Head-on - AN/AP(Q-72 (XN-3) RadarF ~ Mach 2.0 Target 50,000 Ft.
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Fig. 58- Probability of Suceessfu; Arrival to Missile launch for

C:ON .FIDENTL4,L'.Full-up Attacks, 'r c 15 - AN/APQ-72 (XN-'A) RADAR
i9ch 2.0 Target 50,000 Ft-
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Fig 59 Frbablit ofSucess3ý1Arrival to Missile Launch for

CONFDENIALPull-up Attacks, 'T.t 30v-A/P-2(N3 aa
:I,- Mach 2.0 Target 50,000 Ft.
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Fi.60- Probability of Successful Arrival to Missile 
Luc o

CONFDENIALPull-up Attacks, 1V. 450 - AN/APQ-72 (XN-3) Radar
Mach 2.0 Target 50,000 Ft.
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Fig. 61- Probability of Successful Arrival to Missile Launch for -

CONFIDENTIAL Pull-up Attacks, rb-. 600 - AN/APQ-72 (XN-3) Radar 1-
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*Fig. 62- Probability of Successfful Arrival to Missile Launch for

CONFIDENTIAL Pull-up A"ttacks, '4:, 700 - AN/APQ.-72 (fl4-3) Radar
I j Mach 2.0 Target 50,000 Ft.-1- T.Pull-up 3ýg or
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SFig. 64- Probability of Successful Arrival to Missile Launch for
CONFIDENTIAL Pull-up Attacks, Head-on - AN/APQ-72 (XN-3) Radar
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rig. 65- Probability of Successfufl Arrival to Missile luc o
Pull-up Attacks, ~150 - AN/APQ-72 (XN.-3) Radar
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Fig. 66- Probability of Successful Arrival to Missile Launch for +
.. ....... Pull-up Attacks, Ir. 300 - AN/APQ-72 (XN-3) Radar
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Fig. 67- Probability of Successful Arrival. to Missile Launchfo
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Fig. 68- Probability of Succes3sful Arrival to Missile Launch for :
. • F ull-ur- Attacks, Y,-- 600° AN/APQi-72 (XN-3) Radar
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FEI1II~ig. 69- Probability of Successful Ar-rival to Missile Launch for~F 7--IT"7-Pull-up Attacks, '7' 23750 - AN/APQ-72 (XN-3) Radar
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H' Fig. 71- Probability of Successful Arrival to Missile Launch for
Pull-up Attacks, 12 00 AN/APQ-72 (XN-3) RadarCONFIDENTIAL
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P Fig. 72- Probability of Successful Arrival to Missile Ipaunch for
......... - Pull-up Attacks, 15 00 - AN/AP-%--72 (XN-3) Radar
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Fig. 73- Probability of Successful Arrival to Missile Launch for*
I..il Pull-up Attacks, S~150 - AN/APQ-72 (fl4-3) Radar
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Fig. 74- Probability of Successfful Arrival to MUssile launch for I
CO~rIENTIA InPul-uP Attacks, - 300- AN/APQ-72 (XN-3) Radar
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FIG. 78 -CO-ALTITUDE PURE
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FIG. 79 -CO-ALT 1TUDE PURE
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FIG. 81 CO-ALTITUDE PURE
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